Abstract. Gastric cancer is one of the most common cancers and the second leading cause of cancer-associated mortality worldwide. Recurrence, metastasis and resistance to drug treatment are the main barrier to survival of patients with advanced stage gastric cancer. Further study of the molecular mechanisms involved will improve the therapeutic options for gastric cancer. In a previous study, c-Maf was discovered as an oncogene transduced in the avian AS42 retrovirus, and was found to be overexpressed in multiple myeloma and angioimmunoblastic T-cell lymphoma. c-Maf inducing protein (CMIP) is involved in the c-Maf signaling pathway, which was reported to serve an important role in human minimal change nephrotic syndrome and in human reading and language related behavior. However, the relationship between CMIP and human gastric cancer has not yet been reported. In the present study, CMIP protein levels in gastric cancer tissues and cells were measured using immunohistochemistry and western blot analysis; the expression of CMIP protein was significantly higher in gastric cancer tissues compared with normal gastric tissues. Expression was positively associated with poorer clinical parameters, relapse-free survival and overall survival. Furthermore, using cell counting, Cell Counting Kit-8, colony formation, wound healing and Transwell assays, together with flow cytometry, CMIP depletion by RNA interference was observed to reduce the capacity of gastric cancer cells to proliferate and migrate in vitro. Furthermore, the upstream and downstream genes of CMIP were analyzed by luciferase reporter assay and reverse transcription quantitative polymerase chain reaction, which indicated that CMIP was a direct target of miR-101-3p. In addition, CMIP knockdown was observed to result in the downregulation of MDM2 and mitogen activated protein kinase (MAPK) expression at the mRNA level. In conclusion, CMIP demonstrated an oncogenic role in human gastric cancer cells. Furthermore, microRNA-101-3p, MDM2 and MAPK were involved in the CMIP signaling pathway in gastric cancer. CMIP could be a novel target for further investigation in the clinical therapeutic management of gastric cancer.
Introduction
Gastric cancer is one of the most common cancers worldwide and has the second highest mortality (1) (2) (3) . In 2012 there were 951,600 new gastric cancer diagnoses and 723,100 deaths (4, 5) . The mass screening for gastric cancer that has developed in recent years has resulted in the diagnosis of several patients with an early stage of gastric cancer, and these patients were subsequently treated in a timely fashion, with surgery or drug treatment (6) . However, the majority of patients with gastric cancer were diagnosed at an advanced stage, and their mean survival period was <1 year (1, 7) . Recurrence, distant metastasis and resistance to drug treatment are the main barrier to survival of patients with advanced stage gastric cancer. Therefore, further study of the molecular mechanisms of gastric cancer may improve the therapeutic options for gastric cancer.
c-Maf was discovered as an oncogene transduced in the avian AS42 retrovirus, which was discovered to be overexpressed in multiple myeloma and angioimmunoblastic T-cell lymphoma (8, 9) . c-Maf inducing protein (CMIP) is an adaptor protein with two isoforms, which is involved in the c-Maf signaling pathway. The two isoforms of CMIP were observed to be expressed in the human brain (10, 11) . One of the isoforms is a short protein that participates in several cell-signaling pathways and was reported to be associated with minimal change nephrotic syndrome (MCNS) (10) (11) (12) (13) . The second isoform of CMIP is a longer protein, for which there is limited functional information at present (10) (11) (12) (13) . In kidney-associated diseases CMIP regulates the behavior of podocytes (14, 15) . Newbury et al (11) and Scerri et al (16) demonstrated that CMIP is associated with reading and language related traits. Audard et al (13) determined that CMIP contributes to classical Hodgkin lymphoma (13) . However, the relationship between CMIP and human gastric cancer has not yet been reported.
The present study demonstrated that the expression of CMIP protein was significantly higher in gastric cancer tissues CMIP is oncogenic in human gastric cancer cells JIANLIN 
Materials and methods
Clinical samples. A total of 100 paraffin-embedded surgical gastric cancer tissue specimens and 100 paraffin-embedded surgical paired normal gastric tissue specimens (n=100 patients; male, n=54; female, n=46; age, 60.03±8.77 years; (19) , however, this had no impact on the outcome of the present study.
Small interfering (si)RNA and micro (mi)RNA transfection.
Anti-CMIP siRNA/control siRNA and miR-101-3p/negative control (NC) mimics were purchased from Shanghai GenePharma Co., Ltd. (Shanghai, China). Transient transfections of siRNAs and miRNAs into 30-50% confluent cells were performed in 6-well plates using Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific, Inc.) according to the manufacturer's instructions. The concentration of siRNAs or miRNAs used was 75 pmol/transfection. Cells were harvested 48 h post-transfection. The sequences were as follows: siCMIP#1, 5'-CAA AGA AGC UCU CGC ACA UTT-3'; siCMIP#2, 5'-CUC ACC UCG AAA UUC CUG ATT-3'; siNC, 5'-UUC UCC GAA CGU GUC ACG UTT-3'; miR-101-3p mimic, 5'-UAC AGU ACU GUG AUA ACU GAA-3' and NC mimics, 5'-UUC UCC GAA CGU GUC ACG UTT-3' (all Shanghai GenePharma Co., Ltd.).
Cell proliferation assay. MKN-28 cells were plated in 6-well plates and transfected with anti-CMIP siRNA or control siRNA. Cell proliferation was assessed by cell counting assay and Cell Counting Kit (CCK)-8 reagent. Cells were plated at a density of 10,000/well and the counting assay was performed on days 2, 3, 4 and 5. Briefly, cells were stained with 0.4% trypan blue for 30 sec at room temperature and were counted using a blood cell counting board (XB.K.25; Shanghai Qiujing Biochemical Reagents and Instrument Co., Ltd., Shanghai, China). The CCK-8 assay was performed according to the manufacturer's instructions, and the absorbance was measured at 570 nm.
Colony formation assay. A colony formation assay was performed as described previously (20, 21) . Briefly, 60 mm dishes were coated with 0.5% agar (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany), and a layer of treated MKN-28 cells (transfected with siCMIP#1, siCMIP#2 or siNC, and incubated at 37˚C in a humidified atmosphere containing 5% CO 2 for 48 h; 1x10 3 cells/dish) mixed with 0.3% soft agar was added on top. The plates were incubated for up to 2 weeks, and the assays were stopped when the colonies were clearly visible by eye.
Flow cytometry analysis. Flow cytometry was performed to examine cell apoptosis. MKN-28 cells transfected with CMIP-siRNA or NC-siRNA were double-stained with Annexin V-fluorescein isothiocyanate and propidium iodide, and then analyzed by flow cytometry according to the manufacturer's instructions.
Wound healing assay. Cells (5x10 5 ) were cultured in 6-well plates (Sigma-Aldrich; Merck KGaA) in serum-free RPMI-1640 medium until 100% confluency was reached. The cell layers were scratched with a sterile 10 µl tip (Sigma-Aldrich; Merck KGaA), washed 3 times with PBS and then incubated in fresh serum-free RPMI-1640 medium for 24 h. An inverted microscope (Olympus Corporation) was used to examine and image random fields.
Cell migration and invasion assays. Cell migration and invasion assays were performed in 24-well Matrigel-coated 8-µm pore Transwell chambers (Corning Incorporated, Corning, NY, USA) according to the manufacturer's instructions. For the invasion assay, the upper Transwell chambers were coated with Matrigel (BD Biosciences, Franklin Lakes, NJ, USA). The Transwell inserts were left uncoated for the migration assay. The Transwell chambers were seeded with 2x10 4 cells that had previously been transfected with siRNAs for 24 h, in media containing 0.1% FBS. The lower chamber contained media with 5% FBS. The chambers were collected 24 h later and cells in the lower chamber (i.e., migratory or invasive cells) were stained with Giemsa and imaged under an inverted microscope. The number of cells on each membrane was determined by counting the number of cells in ten high-power (x400) fields and determining the mean number of cells per field.
Target Scan analysis. To identify the potential miRNAs for CMIP-targeting, TargetScan release 7.1 was used (www. targetscan.org/vert_71/) (18) .
Luciferase reporter assay. To perform the luciferase reporter assay, luciferase reporter plasmids (Promega Corporation, Madison, WI, USA) containing the CMIP wild type 3'untranslated region (UTR; CMIP-3'UTR-WT; seed region, AGUACUGU) or the CMIP mutated 3'UTR (CMIP-3'UTR-MUT; seed region, AACACUAC) were constructed.
Co-transfection of miR-101-3p mimic and luciferase reporter plasmid (CMIP-3'UTR-WT or CMIP-3'UTR-MUT) was performed in 1x10 6 MKN-28 cells in a 6-well plate using Lipofectamine ® 2000, according to the manufacturer's instructions. The cells were washed with PBS twice and lysed using reporter lysis buffer (Promega Corporation). For the luciferase assay, 20 µl cell extract and 100 µl luciferase assay reagent were mixed at room temperature. The firefly luciferase activity of this mixture was then quantified using a Dual-Luciferase Reporter Assay System (Promega Corporation).
Reverse transcription-quantitative polymerase chain reaction (RT-qPCR).
The RNA isolation and RT-qPCR assay were performed as described previously (20) . Total RNA from the tissues and cells was extracted using an RNeasy Mini kit (Qiagen, Inc., Valencia, CA, USA) according to the manufacturer's instructions. Total RNA was treated with DNase I and purified using phenol-chloroform. RT-qPCR ofmiR-101-3p was performed using a mirVana qRT-PCR miRNA Detection kit (Invitrogen; Thermo Fisher Scientific, Inc.). The RT temperature protocol was as follows: 42˚C for 60 min and 70˚C for 10 min. The qPCR thermocycling conditions were as follows: 95˚C for 10 min, followed by 40 cycles of 95˚C for 5 sec and 60˚C for 30 sec, and then dissolution curve analysis at 95˚C for 15 sec, 60˚C for 30 sec and 95˚C for 15 sec. U6 was also detected as the endogenous control. The primers used were as follows: miR-101-3p, forward 5'-ATG CAA GUC AAU AGU GUC AUG-3' and reverse 5'-GTG CAG GGT CCG AGG T-3'; U6, forward 5'-TGG AAC GAT ACA GAG AAG ATT AGC A-3' and reverse 5'-AAC GCT TCA CGA ATT TGC GT-3'. The RT-qPCR for MDM2 and MAPK detection was performed using RT-qPCR kits [RT kit, PrimeScript™ RT reagent kit; cat. no. DRR037A; qPCR kit, SYBR PremixEx Table I . Correlation of CMIP expression with clinicopathological parameters from gastric cancer patients. 
Results

Expression of CMIP in gastric cancer tissues and normal gastric tissues.
The positive CMIP protein expression signals were predominantly located in the cytoplasm of the gastric cancer cells (Fig. 1A) . IHC analyses were performed on 100 gastric cancer tissue specimens and 100 normal gastric tissue specimens. As presented in Table II , the positive rate of CMIP protein expression was 72 (72%) in the gastric cancer tissues, whereas 48 (48%) of the normal gastric tissues positively expressed CMIP (P<0.001).
The relationship between CMIP expression and clinicopathological parameters within gastric cancer patients. The association of CMIP expression with gastric cancer prognosis was evaluated. The clinicopathological characteristics and CMIP expression of the gastric cancer patients involved in the present study are presented in Fig. 2A) , indicating that the CMIP knockdown was successful. The impact of CMIP knockdown on MKN-28 proliferation and growth were assessed using cell counting, CCK-8 and colony formation assays, following treatment with CMIP-siRNA (75 pmol). As presented in Fig. 2B -D, cells transfected with CMIP-siRNA exhibited a marked decrease in proliferation, viability and growth, compared with control-siRNA treated cells. Furthermore, cell apoptosis was examined using flow cytometry (Fig. 2E ). Cells transfected with CMIP-siRNA had greater levels of apoptosis compared with control-siRNA treated cells (30.98% vs. 75.98%).
Effects of CMIP inhibition on the migration and invasion of MKN-28 cells.
To explore the role of CMIP in gastric cancer cell migration and invasion, the effects of CMIP knockdown on MKN-28 cells were assessed using Transwell and wound healing assays. MKN-28 cells transfected with CMIP-siRNA displayed reduced migration and invasion in Transwell and wound healing assays (Fig. 3) , compared with control-siRNA treated cells.
CMIP is a direct target of miR-101-3p in MKN-28 cells.
To investigate the regulation of CMIP in gastric cancer, TargetScan was used to search for potential CMIP-targeting miRNAs. The TargetScan analysis indicated that CMIP may be a target gene of miR-101-3p. The miR-101-3p-binding site was found in the wild-type 3'-UTR of CMIP, and a luciferase reporter plasmid was constructed containing the wild type binding site (CMIP-3'UTR-WT). A reporter plasmid containing a mutant 3'-UTR of CMIP (CMIP-3'UTR-MUT) was also constructed (Fig. 4A) . RT-qPCR was performed to detect the miR-101-3p expression levels in gastric cancer Table II . Expression of CMIP in gastric cancer and normal tissues. tissues and normal gastric tissues. The results indicated that miR-101-3p was significantly downregulated in gastric cancer tissues (Fig. 4B) . To verify whether CMIP was a direct target of miR-101-3p, a dual luciferase reporter assay was performed.
CMIP expression -------------------------------------------------------------------
MiR-101-3p suppressed the luciferase activity of the wild type CMIP 3'-UTR upon co-transfection of the luciferase vector in MKN-28 cells (Fig. 4C ). This inhibition was reversed when the seed sequences of the miR-101-3p target sequences were mutated in the CMIP-3'UTR-MUTvector (Fig. 4C) . To further investigate the effects of miR-101-3p, MKN-28 cells were treated with the miR-101-3p mimic. The results indicated that overexpression of miR-101-3p reduced the protein level of CMIP (Fig. 4D) .
CMIP regulates MDM2 and MAPK expression in gastric cancer cells.
To obtain further insight into the role of CMIP in MKN-28 cell invasion and metastasis, the expression of several mRNAs (including cell cycle control and DNA damage repair genes MDM2, CHEK2 and RB1, apoptosis and cell senescence genes BAX, BAD and CFLAP and signal transduction molecules and transcription factors MAPK, FOS and NFKB1) was assessed using RT-qPCR in siCMIP-transfected MKN-28 cells, compared with si-NC transfected cells (data not shown). Two downregulated genes (MDM2 and MAPK) were identified in siCMIP-transfected MKN-28 cells. The results demonstrated that mRNA levels of MDM2 and MAPK were downregulated following CMIP knockdown in gastric cancer MKN-28 cells (Fig. 4E) .
Discussion
The present study documented for the first time that CMIP may serve an oncogenic role in human gastric cancer cells. In 200 samples of human gastric tissues (containing 100 cancer and 100 normal tissues), CMIP expression was significantly higher in gastric cancer tissues compared with normal gastric tissues. Patients with positive CMIP expression were associated with a larger tumor size, lymph node metastasis, higher grade, higher stage, and poorer RFS and OS. Using cell counting, CCK-8 and colony formation assays, we determined that in MKN-28 gastric cancer cells, cell proliferation was markedly decreased following knockdown of CMIP. Furthermore, flow cytometry indicated that cell apoptosis was significantly increased following CMIP knockdown. Cell migratory and invasive abilities were also decreased following knockdown of CMIP in MKN-28 cells, as determined by migration, invasion and wound healing assays. The oncogene c-Maf was recently demonstrated to be overexpressed in multiple myeloma and angioimmunoblastic T-cell lymphoma (8, 9) . Overexpression of c-Maf is a frequent oncogenic event in multiple myeloma that promotes proliferation and pathological interactions with the bone marrow stroma (23) . CMIP is involved in the c-Maf signaling pathway, which serves an important role in MCNS and in human reading and language related behavior (11-13,16) . However, the relationship between CMIP and human carcinoma has not been well studied. Therefore, the present study examined the role of CMIP in human gastric cancer.
Upstream of CMIP, a luciferase assay indicated that CMIP may be a direct target of miR-101-3p in gastric cancer MKN-28 cells. Furthermore, CMIP was significantly reduced by overexpression with miR-101-3p. miRNAs are non-coding RNAs consisting of 20-25 nucleotides, which were identified to serve important roles in the initiation, development, growth, proliferation and metastasis of human cancer, including gastric cancer (24) (25) (26) . miR-25, miR-214 and miR-132, were demonstrated to promote tumor growth or metastasis of gastric cancer (27) (28) (29) , whereas miR-320a, miR-205 and miR-26b were revealed to suppress tumor proliferation, migration or invasion of gastric cancer (30-32) . The present study demonstrated that the expression of miR-101-3p was markedly lower in gastric cancer tissues compared with normal gastric tissues, indicating that miR-101-3p may serve a tumor suppressive role in gastric cancer. miR-101-3p suppressed the expression of CMIP, and miR-101-3p and CMIP exhibited opposing expression patterns. These results supported the earlier observation that CMIP expression was elevated in gastric cancer tissues. As previously reported, miR-101-3p has demonstrated a tumor-suppressing role in human breast cancer, salivary gland adenoid cystic carcinoma and hepatocellular carcinoma (33) (34) (35) , and these results are consistent with the current findings.
When investigating the downstream pathway, CMIP knockdown was revealed to downregulate the expression of MDM2 and MAPK. MDM2 has previously been identified as an oncogene in gastric cancer; MDM2 promoted tumor initiation and development by targeting and reducing tumor suppressor genes, including p53 (36, 37) . Furthermore, it was reported that MDM2 serves a promoting role in the migration and invasion of gastric cancer (38) , and inhibition of MDM2 expression could induce the apoptosis of gastric cancer cells (39) . MDM2 has also demonstrated a tumor promoting ability in breast cancer and non-small cell lung cancer (40, 41) . MAPK was reported to serve as an oncogene in gastric cancer, where it promoted tumor growth and metastasis (42, 43) . In breast cancer, colon cancer and hepatocellular carcinoma, MAPK contributed to tumor development, migration and invasion (44) (45) (46) . These results supported the results of the present study, and suggest that CMIP may serve an oncogenic role in gastric cancer cells partly via regulating the expression of MDM2 and MAPK. Therefore, the results imply that CMIP was regulated by miR-101-3p and itself regulated MDM2 and MAPK; this signaling pathway appears to be involved in promoting a cancer phenotype in vitro and may promote the oncogenicity of gastric cancer.
The present study investigated the role of CMIP in the human gastric cancer cell line MKN-28. This is the first report on the role of CMIP in human gastric cancer. The cell line selected for the present study was MKN-28, which was previously reported to be cross-contaminated with MKN-74 cells (19) . MKN-28 and MKN-74 cells have been reported to contain different genetic and epigenetic alterations of p53, p21, cluster of differentiation 44 and adenomatous polyposis coli, and different expression levels of B-cell lymphoma 2, epidermal growth factor (EGF), EGF receptor, transforming growth factor-α, interleukin (IL)-1α, IL-8, vascular endothelial growth factor, cyclin E and platelet derived growth factor (19, 47) . These genes have no direct relation with CMIP, the CMIP-related upstream miR-101-3p and downstream proteins MDM2 and MAPK. Therefore, use of the mixed gastric tubular adenocarcinoma cell line MKN-28 had no impact on the outcome of the study.
In conclusion, the present study demonstrated a tumor-promoting function of CMIP in the MKN-28 cell line. miR-101-3p targeted CMIP, and knockdown of CMIP downregulated MDM2 and MAPK. It is possible that this signaling pathway may contribute to the oncogenic role of CMIP in gastric cancer. In patients with gastric cancer, expression of CMIP was associated with poorer clinical parameters, RFS and OS. These results suggest that CMIP may be a novel therapeutic target for gastric cancer; however further studies are required to investigate this.
